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22
Cell-specific regulation of protein levels and activity is essential for the distribution of functions 23 among multiple cell types in animals. The finding that many genes involved in these regulatory 24 processes have a premetazoan origin raises the intriguing possibility that the mechanisms 25 required for spatially regulated cell differentiation evolved prior to the appearance of animals.
26
Here, we use high-throughput proteomics in Capsaspora owczarzaki, a close unicellular relative 27 of animals, to characterize the dynamic proteome and phosphoproteome profiles of three 28 temporally distinct cell types in this premetazoan species. We show that life-cycle transitions 29 are linked to extensive proteome and phosphoproteome remodeling and that they affect key 30 genes involved in animal multicellularity, such as transcription factors and tyrosine kinases. The
Introduction
36
A defining feature of multicellularity is the ability to generate multiple cell types, each defined 37 by a specific profile of protein abundance and phosphorylation-regulated activity. Yet it remains 38 unclear how the mechanisms controlling cell-specific differentiation programs evolved.
39
Comparative genomics suggests that the unicellular ancestor of animals was genetically 40 complex and already had many of the genes required for animal cell signaling and cell-type 
49
The amoeboid filasterean Capsaspora owczarzaki (herein Capsaspora) is one of the closest 50 animal relatives, and it has a rich repertoire of metazoan-related genes involved in cell 51 differentiation and cellular signaling, including an expanded tyrosine kinase system (Suga et al., 
79
Capsaspora proteins, using a false discovery rate (FDR) of less than 5% (Table S1 ). We then 
86
To analyze the evolutionary origin of these stage-specific proteins, we performed a 87 phylostratigraphic enrichment analysis (Domazet-Loso et al., 2007). We first generated a 88 complete set of phylogenies for 6551 Capsaspora genes (phylome) (Huerta-Cepas et al., 2011),
89
which we used to assign each gene to a particular phylostratum ( Figure 1B) . We then analyzed 90 the over-or under-representation of phylostrata among the differentially expressed genes, both 91 at the protein and transcript level, using available transcriptome data from the same cell types 
97
Choanoflagellata and Metazoa) ( Figure 1C) 
117
analysis of one-to-one orthologs between Capsaspora and two other species (Homo sapiens and
118
Saccharomyces cerevisiae) revealed a stronger correlation among protein levels than RNA 119 levels ( Figure 2B ).
120
To further explore the evolution of protein expression, we analyzed protein-RNA correlation in 121 Capsaspora across phylostrata. We found weaker correlation in evolutionarily younger genes,
122
especially in Capsaspora-specific/orphan genes ( Figure 2C ). Interestingly, analysis of available 
155
We found 29 enriched motifs (Table S4) , which we used to group phosphosites into 5 categories 
166
Next, we compared these two systems with different evolutionary origins to explore how they 
236
The Capsaspora p53 ortholog has two phosphorylation sites, one in the N-terminal Table S5 ) , it is an interesting system to study the early evolution of the pTyr 
258
Next, we examined the protein abundance and phosphorylation of Capsaspora TKs. We 
305
Next, we explored how these phosphoregulatory networks changed qualitatively during 306 evolution. We used our phylome analysis to assign one-to-one orthologs and then determined 
366
Normalized abundances of unique peptides were used to estimate protein quantities, and 367 significant differences in protein levels were evaluated using an ANOVA model. Details and 368 description of downstream analyses are in the Supplemental Experimental Procedures.
369
Phylome Reconstruction and Analysis. The complete phylomes of Capsaspora and four other 370 species were reconstructed as described in Supplemental Experimental Procedures. We used 371 these phylomes to infer orthology and paralogy relationships among genes from the 5 species
372
and also to assign a relative gene age to each gene (phylostratigraphy). Phylome data was used 
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